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POLYURETHANE FOAMS 

The present invention relates to hydrophilic 
polyurethane foams, blends used to prepare these foams , 
absorptive devices comprising the foams and methods for 
their preparation. 

There have been several proposals to the use of 
hydrophilic polyurethane foams, for example as an 
absorbent material, in hygienic and medical absorptive 
devices such as sanitary towels, tampons, diapers, 
incontinence pads and wound dressings, Hydrophilic 
polyurethane foams, however, are usually more expensive 
than the conventional cellulosic absorbent materials 
used in such devices and have therefore not been 
extensively used in commercial absorptive devices. 
British Patent No. 1429711 (see also United States 
Patent Nos. 3812618, 3812619, 3874694, 3889417, 
3928138, 3929574 and 4137200) discloses a hydrophilic 
polyurethane foam formed by reacting with water an 
isocyanate capped polyoxyethylene glycol prepolymer. 

It was found, however, that a large molar excess 
of water was required to obtain satisfactory foams. 
Removal of this excess water, for example, by drying, 
rendered these foams relatively expensive to 
manufacture . 
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British Patent No. 2188055 discloses hydrophilic 
polyurethane foams formed by reacting with water the 
reaction product of polyisocyanate which has a 
functionality of greater than 2 and polyalkylene glycol 
mono alkyl or alkaryl ether. These prepolymers require 
to be mixed with only relatively low auounts of water, 
thus obviating the need for an elaborate drying stage. 
The foams are therefore more economical to manufacture 
than previously known hydropilic foams. 

The reaction rates of aliphatic isocyanate based 
polyurethane foam systems tend to be undesirably slow 
for commerical use unless high levels of ethylene oxide 
containing residues are incorporated into the reactive 
system. 

The presence of high levels of such residues 
increases the linear swell value of the foam when 
hydrated. whilst this effect may not be deleterious 
for foam products such as tampons or sanitary towels, 
high linear swell will adversely affect thin foam 
products such as wound dressings and in particular 
dressings such as first aid dressings. 

Such dressings need to be able to absorb aqueous 
materials such as wound exudate and to be produced 
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quickly and economically to compare favourably with 
conventional fabric and pad dressings. 

The present invention seeks to provide a 
polyurethane foam which is hydrophilic and has good 
dimensional stability when produced in thin flat sheets 
and which can be produced rapidly and economically. 

Accordingly the present invention provides a 
polyurethane hydrophilic foam, suitable for use as 
first aid dressing which and comprise residues of a 
aromatic isocyanate, of an aliphatic :socyanate, of a 
polyoxyalkylene monoether and of a pclyoxyalkylene 
polyol such as a polyether polyol. 

In another aspect the present invention further 
provides an absorptive device which comprises a 
hydrophilic polyurethane foam of the invention. The 
absorptive device of the invention is preferably a 
medical or hygienic device such as a vound dressing eg. 
a first aid dressing, sanitary towel, diaper, 
incontinence pad tampon, or the like. 

In a further aspect the invention provides a 
process for preparing a hydrophilic polyurethane foam 
of the invention which comprises blending at least 
one aromatic based prepolymer with at least one 
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aliphatic based prepolymer. An aqueous phase is then 
added to effect the foaming reaction and the foam 
formed is allowed to set. 

According to an embodiment of the present 
invention there is provided a hydrophilic polyurethane 
foam comprising residues of a first isocyanate 
prepolymer derived from a polyoxyalkylene mono ether 
and an aromatic isocyanate containing at least two 
isocyanate groups and residues of a second isocyanate 
prepolymer derived from a polyoxyalkylene mono ether 
and an aliphatic isocyanate containing at least two 
isocyanate groups and in which at least one of said 
isocyanate prepolymers contains residues from a 
polyether polyol . 

The present invention also provides a hydrophilic 
polyurethane foam formed by blending at least one of 
said aromatic isocyanate based prepolymers and at least 
one aliphatic isocyanate based prepolymers and 
subsequently adding an aqeous phase to catalyse the 
foaming reaction wherein at least one of the 
prepolymers is additionally derived from a polyether 
polyol . 

According to the process of the present 
invention, control over a wider range of processing 
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variabl s and foam properties can be achieved than was 
hitherto possible. 

Processing variables which may re controlled more 
readily than was previously possible include efficiency 
of mixing and ease of dispensing, cre^m time, rise 
time, gel time and cure time. 

Foam properties which may be ccrtrolled more 
readily according to the process of t±e invention 
include softness and resiliency, density, cell size and 
structure, water content and capacity, linear swell on 
hydration and rate of wicking. 

These properties may be achieved by blending the 
prepolymers over a wide range of ratirs of the aromatic 
based prepolymer to the aliphatic based prepolymer 
properties. Thus foams displaying excellent water 
uptake, water capacity and strength have been found. 
The foams also possess a lower level cf extractables . 
Furthermore they can be formed into thin sheets which 
show excellent conf ormability . 

Suitably the prepolymer blend should contain at 
least 10w/w% of the solids weight of aliphatic based 
prepolymer. Similarly it has been fcznd that the blend 
should contain at least 10w/w% of the solids weight of 



WO 93/04101 



- 6 - 



PCT/GB92/01527 



aromatic based prepolyraer. Aptly the ratio of aromatic 
isocyanate to aliphatic isocyanate prepolymers will be 
from 25-75 to 75:25 weight percent. Hore aptly the 
ratio of prepolymers will be about 50:50 weight 
percent . 

The hydrophilic polyurethane foams of the 
invention can be formed by mixing the blend with a 
stoichiometric amount of water. It is preferred, 
however, to mix the blend with a low molar excess of 
water for example 10% by weight of water. It has been 
found that this low molar excess of water can be easily 
absorbed by the hydrophilic foam. 

Suitable polyoxyalkylene mono ethers for 
preparing the prepolymer components of the blend of the 
present invention, may be polyoxyalkylene monoalkyl or 
monoalkaryl ethers. Preferably the mono ethers are 
polyalkylene glycol monoethers. 

The alkylene moiety of the mono ethers may 
contain 1 to 4 carbons. 

Preferred polyalkylene glycol mono alkaryl ethers 
are those in which the alkylene group is ethylene. 

Suitable polyalkylene glycol mono alkaryl ethers 
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include those in which the aryl moeity is phenyl. 
Preferred ethers are those in which the alkyl moeity 
contains from 1 to 20 carbon atoms eg. octyl or nonyl. 

Suitable polyalkylene glycol mono alkyl ethers 
for forming the reaction product are those in which the 
alkyl group contains 1 to 20 carbon atoms. Alkylene 
favoured ethers are those in which the alkyl group is a 
methyl group. Another class of preferred polyalkylene 
glycol mono alkyl ethers are those in which the alkyl 
group contains 10 to 18 carbon atoms, eg. lauryl or 
cetyl . 

Preferred polyalkylene glycol mono alkyl ethers 
are those in which the alkylene group is ethylene. 

The polyalkylene glycol alkyl or alkaryl ether 
can suitably have an average molecular weight of 180 to 
6000. 

Apt ethers are polyethylene glycol mono lauryl 
ethers having an average molecular weight of 
approximately 1090 and 360 known as Brij 35 and Brij 30 
respectively, available from Honeywell Atlas and 
polyethylene glycol mono methyl ethers having an 
average molecular weight of approximately 500 and 5000 
known as PEG monomethylether molecular weight 550 and 
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5000 respectively, available from Aldrich Chemicals, 

Suitable polyethylene glycol mono nonyl phenyl 
ethers are commercially available under the Trade names 
Antarox CO-320, Antarox Co-990, available from GAF 
(Great Britain) Co. Ltd. Apt polyethylene glycol mono 
nonyl phenyl ethers, are Dowafax 9N6 and 9N20 having an 
average molecular wieght in the range of 400-500 and 
1100-1200 respectively and available from K+K Greeft 
Ltd. Typically the ethylene oxide molecular weight can 
vary in the range 220 to 2200. 

The polyethylene glycol mono alkyl or alkaryl 
ether used in the invention will normally contain 
water. It is preferred, however, that the ether 
contains less than 1% by weight water, to limit the 
number of urea groups formed in the reaction with the 
polyisocyanate during the prepolymer formulation. 

The polyether polyol residues present in at least 
one of the blend prepolymers, may be derived from 
polyhydric alcohols, alkylene polyamines, alkylene 
amines, cyclic amines, amides and polycarboxylic acids. 
In addition suitable polyols may be derived from 
hydrophilic reactants. A particularly suitable 
hydrophilic reactant is ethylene oxide. 
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Preferred polyether polyols are derived from 
ethylene oxide and aliphatic polyhydrir alcohols. 
Suitable alcohols may have from 2 to £ carbon atoms eg. 
ethylene glycol, pentaerythr i tol p propylene glycol , 
2,3-butylene glycol, glycerol, 1 , 5-pez:tanediol and the 
like. 

The polyether polyols may be derived from the 
polymerisation of ethylene oxide in the presence of the 
above mentioned di- or polyf unctional reactants. 

Particularly suitable polyether polyols for the 
preparation of foams of the present irvention are 
polyether triols. Preferred polyether triols are 
polyoxypropylene (PPG) ether triols, *nd-capped with 
polyethylene oxide (PEG). Suitably tie PEG may 
comprise 2 to 30w/w% of the polyether triol. Typically 
the PEG comprises 5 to 15w/w% of the zolyether. 

Apt polyoxypropylene ether triols, end-capped 
with PEG have an average molecular weight of 700 to 
7000. Typically the PPG ether triols, end capped with 
PEG will have an average molecular weight in the range 
of 3000-3500 eg. Arcol 132 available from Arco Chemical 
Products Europe. 

At least one of the blend prepclymers may further 
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be derived from a copolymer polyether triol derived 
from the polyether polyols described ierein. A 
particularly preferred copolymer poly«ther is based on 
PPG and PEG blocks. Suitably the PEG may be present in 
the range of 40 to 75w/w of the copolymer. More 
suitably the PEG may comprise 45-55w/v%. Preferably 
the PEG comprises 45w/w% of the copolymer. A preferred 
copolymer polyether is Voranol CP1421 which has an 
average molecular weight in the range of 3000-3500 and 
is supplied by Dow Chemicals Europe. 

The ratio of triol equivalents -o mono ether 
equivalents may be varied to alter the processing 
variables and the foam properties. It has been found 
that suitably the ratio of triol equivalents to mono 
ether equivalents is in the range of 1.3:1 to 10:l r 
more suitably from 1:1 to 5:1 and preferably about 3:1. 

The isocyanates used for forming the blend 
prepolymers will have a functionality of at least 2. 
Suitably both the aliphatic aromatic isocyanates will 
have a functionality of less than abcut 2.5. 

Suitable aliphatic polyisocyanates for use in the 
invention include 4 , 4 ' -di cyclohexyl nethane 
di-isocyanate (Desraodur W) which has a functionality of 
2.0 and is available from Bayer A.G. and hexamethylene 
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Suitable aromatic isocyanates fcr forming the 
blend prepolymers are polymeric methylene 
di-isocyanates . Polymeric methylene di-isocyanates 
comprise a mixture of 4 , 4 ' -diphenyl methane 
diisocyanates and one or more of polyaeric homologues. 
Apt polymeric methylene di-isocyanates are known as 
suprasec VM 10 , VM 20 and VM 50 available from ICI and 
have a functionality of 2.07 f 2.13 and 2.49 
respectively. Further aromatic isocyanates which may 
be used include toluene di-isocyanate, 
methylene-bis-( 4-phenyl isocyanate ) , 
3 , 3 ' -bitolylene-4 , 4 ' -di-isocyanate , 1, 4-phenylene 
di-isocyanate, naphthalene-1 , 5*-di-isoryanate and the 
like. 

A favoured blend for forming foams of the present 
invention comprises an aliphatic based prepolymer 
derived from polyoxyethylene glycol mono-nonyl phenyl 
ether, a polyoxypropylene ether triol, end-capped with 
PEG, a copolymer poplyether triol and 4 , 4 ' -dicyclohexyl 
methane di-isocyanate (Desmodur W). The blend further 
comprises an aromatic based prepolymer derived from a 
polyoxyethylene gylcol mono-nonyl phenyl ether, a 
polyoxypropylene ether triol, end-capced with PEG and 
a polymeric methylene di-isocyanate comprising a 

i 
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mixture of 4 , 4 ' -diphenyl methane di-isocyanate and one 
or more polymeric homologues. 

in forming the prepolymers, the isocyanate and 
reactive hydrogen containing compound are present in an 
amount to ensure that the prepolymers contain an excess 
of isoycanate groups. Aptly the isocyanate to hydroxyl 
ratio (NCO:OH) is at least 2:1. Suitably the NCO:OH 
ratio should be less than 6:1. Typically the NCO:OH 
ratio is in the range of 2.7:1 and 4:1. 

The prepolymers employed in the invention contain 
an excess of isocyanate groups. Suitably they contain 
an excess of at least 2 w/w% NCO groups, more suitably 
upto 12%w/w excess NCO groups. Typically the 
prepolymers contain an excess of 5 tc 7w/w% NCO groups. 

Normally the mono ethers and pclyols will be 
pre-dried to a water content of less than 1%. 

The blend can be reacted with an aqueous phase to 
form a hydrophilic polyurethane foam of the invention. 
The hydrophilic polyurethane so formed will normally be 
a cross-linked hydrophilic polyurethane foam. The 
hydrophilicity of the foam is believed to be dependent 
on the oxyethylene groups. Varying the weight % of 
oxyethylene groups in the constituents of the blend, 
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can provide the hydrophilic polyurethane foams of the 
inv ntion with a wide range of water absorption 
properties. Suitably the hydrophilic foam will absorb 
at least 5% by weight of its weight of water. The 
water absorption of the hydrophilic polyurethane foams 
aptly range from 25% to 95% by weight of polymer. 
Preferred hydrophilic polyurethane foams of the 
invention, however, have a water absorption of 50% to 
92% by weight of polymer. 

The- water absorption of the foam is determined by 
weighing a 1cm cube of the foam, then immersing the 
foam in water (at 20°C) for 24 hours, removing excess 
water by lightly blotting the foam with absorbent paper 
and then re-weighing the foam cube. The water 
absorption of the foam (% by weight) can then be 
calculated as 

weight of wet foam (g) - weight of dry foam (g) x 100 

weight of wet foam 

The hydrophilic polyurethane foam of the 
invention will normally be an open cell foam. The open 
cell foam can suitably have a density of 20 to 350 
Kg/m 3 and can preferably have a density of 4 to 
150Kg/m 3 . 
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The hydrophilic polyurethane foaa can be in a 
sheet, moulded or particulate form. 

The hydrophilic polyurethane foams of the 
invention can be used in absorptive devices for example 
as an absorbent component thereof. 

If desired, the prepolymer forming reaction may 
be catalysed. Suitable catalysts include Dioctyl tin 
dilaurate (Metatin 812 ES); dioctyl tin mercaptide 
ester (Metatin 813 and Metatin 713); cibutyl tin 
dilaurate (T-12); stannous octate (T-r> and Bismuth 
neodecanoate (Coscat 83). Suitably the catalysts may 
be added in the range of 0.5 to O.OOlv/w %. 

Suitably the aqueous phase may contain a catalyst 
to increase the rate of reaction. 

It has been found that a suitable amount of water 
required to be added to the prepolymer blend can be the 
stoichiometric amount of water needed to react with the 
NCO groups in the prepolymers. It is preferred, 
however, in order to obtain a homogenous mixture of 
water and prepolymers to use up to 12* eg. 4 to 10% by 
weight of water and preferably 5% by veight water in 
the process. 
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A suitable catalyst for the reaction is an alkali 
metal carbonate such as potassium carbonate which can 
be present in amounts of 0.5 to 1.5% by weight of the 
blend. 

In the process of the invention water or an 
aqueous solution will normally be provided in liquid 
form which is mixed and reacted with the prepolymer 
blend. The water in the process, however, can also be 
provided by a material such as a metal salt hydrate 
which releases water in liquid or vapour form when 
heated. Suitable metal hydrates for use in the 
invention include Na 2 B< 0 7 . 10H 2 0 , Na 2 S0 4 . 10H 2 0 , 
Na 2 Si0 3 .9H 2 0 and MgS0 4 ,7H 2 0 which is preferred. In the 
process the metal salt hydrate which is preferably in 
particulate form is mixed into the prepolymer blend. 
The mixture can then be heated to a suitable 
temperature to release the water for reaction with the 
prepolymer blend. 

The foam can be formed into a sheet or a desired 
shape by casting the foaming mixture into a release 
carrier or into a shaped mould and allowing the mixture 
to rise and set. 

The foams produced by the process of the 
invention can then be incorporated into absorptive 
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devices using conventional methods. In particular the 
hydrophilic foams of the present invention may be used 
in the preparation of first aid dressings since they 
can be used to form thin flexible and conformable 
sheets which are ideally suited for making such 
dressings. 

Aptly the polyurethane foam composition of the 
invention may cast into first aid dressings, for 
example as disclosed in WO91/01706 and WO91/01707. 
Suitably such dressings may be cast to thicknesses of 
0.5 to 20mm, more aptly from 0.75 to 4am. 

The invention will now be illustrated by 
reference to the following example: 
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ALIPHATIC PREPOLYMER FORMULATION 



Polyoxypropylene (PPG) ether triol, 



2 equiv. 



polyethylene oxide (PEG) end-capped (Arcol 1132) 



ether (Dowfax 9N20) 

Copolymer polyether triol (Voranol CP 1421) 1 equiv, 

4 , 4 ' -dicyclohexylmethane di-i socyanate 
(Desmodur W) to give an NCO:OH ratio of 3.0:1. 

Tin catalyst 

(Metatin 812ES, Acima Chemicals Ltd) 0.05 w/w% 
AROMATIC PREPOLYMER FORMULATION 

Arcol 1132 2 equiv 

Polyoxyethylene mono-nonyl phenyl ether 1 equiv. 
(Dowfax 9N6) 

Methylene diphenyl di-isocyanate 
(VM10) to give an NCO:OH ratio of 3.5:1 



Polyoxyethylene mono-nonyl phenyl 



1 equiv. 



Tin catalyst (Metatin 812ES) 



0.01 w/w% 
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The aliphatic prepolyraer is synthesised by first 
heating the triols and mono ether in aB oven at 60°C to 
melt them. The melted triols and mono ether are then 
added to a 700ml flange flask followed by the 
di-isocyanate . The flask is fitted with an air-driven 
anchor stirrer, a lid, a dry nitrogen blanket and 
placed in a water bath at 60°C. The components are 
stirred vigourously until homogenous. The tin catlayst 
is added via a diposable syringe, while the contents of 
the flask are being stirred continuously. The water 
bath is adjusted to 90°C and the reaction is allowed to 
continue for 60 minutes until completion, as indicated 
by the subsiding exotherm. After completion, the 
prepolymer is poured while still warm into an air-tight 
jar • 

The aromatic prepolymer is formed by following 
the same steps as indicated above for preparation of 
the aliphatic prepolymer, except that after adjusting 
the water bath to 90°C, the reaction is allowed to 
proceed for 30 rather than 60 minutes. 

The aliphatic and aromatic prepolymers are then 
blended. When a homogenous prepolymer blend is 
obtained the aqueous phase is added to effect foaming. 
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The foam formed possesses all the properties 
discussed above which render it ideally suited for use 
in absorptive devices, particularly first-aid 
dressings . 
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Claims 

1. A hydrophilic polyurethane foam, vhich comprises 
residues of an aromatic isocyanate, an aliphatic 
isocyanate, a polyoxyalkylene mono ether and a 
polyether polyol. 

2. A hydrophilic polyurethane foam, vhich comprises 
residues of a first isocyanate prepolyner derived from 
a polyoxyalkylene mono ether and an aromatic isocyanate 
containing at least two isocyanate groups and residues 
of a second isocyanate prepolymer derived from a 
polyoxyalkylene mono ether and an aliphatic isocyanate 
containing at least two isocyanate groups and in which 
at least one of said prepolymers contains residues from 
a polyether polyol. 

3. A foam according to claim 1, wherein the 
polyether polyol is a polyoxyalkylene polyol. 

4. A foam according to any of claims 1 to 3, wherein 
the polyether polyol residues in at least one of the 
blend prepolymers is derived from hydrophilic 
reactants . 
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5. A foam according to any of claims 1 to 4 , wherein 
the polyol residues are polyether triols. 

6. A foam according to claim 5, wherein the 
polyether triol is polyoxypropylene (PPG) ether triols, 
end-capped with polyethylene oxide (PEG). 

7. A foam according to claim 6, wherein the PEG 
comprises between 2 to 30 w/w% of polyether triol. 

8. A foam according to claim 6 or claim. 7, wherein 
the PPG ether triol, end-capped with PEG has a 
molecular weight between 700 to 7000. 

9. A foam according to any of claims 6 to 8, wherein 
the peg is present between the ranges of 40 to 75 w/w% 
of copolymer. 

10. A foam according to any of the preceding claims, 
wherein the ratio of polyol equivalents to mono ether 
equivalents is between 1.3:1 to 10:1. 

11. A foam according to any of the preceding claims, 
wherein the isocyanates have a functionality of at 
least 2. 
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12. A foam according to any one of claims 2 to 11, 
wherein the aliphatic based prepolymer is derived from 
polyoxyethylene glycol mono-nonyl phenyl ether, a 
polyoxypropylene ether triol, end-capped with PEG, a 
copolymer polyether triol and an aliphatic 
di-isocyanate . 

13. A foam according to claims 2 to 12, wherein the 
aromatic based prepolymer is derived from a 
polyoxyethylene glycol mono-nonyl phenyl ether, a 
polyoxypropylene ether triol, end-capped with PEG and a 
polyermic methylene di-isocyanate. 

14. A foam according to any of claims 2 to 13, 
wherein the prepolymers contain an excess of isocyanate 
groups . 

15. A foam according to claim 14, wherein the 
prepolymers contain an excess of at least 2 w/w% NCO 
groups . 

16. A process for the preparation of a hydrophilic 
polyurethane foam which comprises reacting at least one 
of each of an aromatic isocyanate, an aliphatic 
isocyanate, a polyoxyalkylene mono ether and a 
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polyether polyol to form a foam precursor and 
thereafter foaming the precursor. 

17. A process according to claim 16, in which the 
foam precursor is a single prepolymer derived from an 
aromatic isocyanate, an aliphatic isocyanate, a 
polyoxyalkylene mono ether and a polyether polyol. 

18. A process according to claim 16. in which the 
foam precursor comprises a mixture of isocyanate 
prepolymers derived from the aromatic isocyanate, the 
aliphatic isocyanate, the polyoxyalkylene mono ether 
and the polyether polyol. 

19. A process for the preparation of hydrophilic 
polyurethane foam comprising the steps of:- 

- blending at least a first isocyanate based 
prepolymer and at least a second isocyanate based 
prepolymer 

- adding an aqueous foaming phase wherein at 
least one of the prepolymers is derived from 
polyoxyalkylene polyol. 

20. A process according to claim 19, wherein the 
prepolymer blend contains at least 10 v/w% of solids 
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weight of the first isocyanate based prepolymer and 10 
w/w% of solids weight of the second isocyanate based 
prepolymer. 

21. A process according to claim 19 or 20, wherein 
the ratio of the first isocyanate based prepolymer to 
the second isocyanate prepolymer is between 25:75 to 
75:25 weight per cent. 

22. Process according to any of claims 19 to 21 f 
wherein the prepolymer blend is mixed with 10% by 
weight of water. 

23. A foam produced by the process as claimed in any 
of claims 16 to 22 and having a composition as claimed 
in any of claims 1 to 15. 

24. An absorptive device comprising a foam as claimed 
in any of claims 1 to 15, 

25. An absorptive device according to claim 24 in the 
form of a first aid dressing. 
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